Purpose Among some local side effects of prostaglandin-associated periorbitopathy (PAP), deepening of the upper eyelid sulcus (DUES) is the most prominent clinical feature, and is one of the most significant adverse cosmetic events. Here, we prospectively investigated the incidence of DUES in Japanese open-angle glaucoma patients initially treated with latanoprost (Xalatan 0.005%) ophthalmic solution. Methods This was an open-label prospective study. Facial photographs and subjective reports of the recognition of DUES were obtained at the beginning of latanoprost treatment and at 2, 4, and 6 months thereafter. Intraocular pressure (IOP) was measured at three consecutive visits before and after treatment with latanoprost. The incidence of DUES was evaluated objectively by three blinded investigators who compared the series of photographs. Results A total of 52 eyes of 52 newly diagnosed open-angle glaucoma Japanese patients (28 males, 24 females) were evaluated. The objective rate of DUES was 1/52 (2%; 95% CI 0.05 to 10.7%) at 2 months, 2/52 (4%; 95% CI 0.5 to 13.9%) at 4 months, and 3/52 (6%; 95% CI 1.2 to 16.9%) at 6 months. During this period, no patient self-reported an occurrence of DUES. Mean IOPs before and after treatment were 16.5 ± 2.9 and 13.8 ± 3.0 mm Hg, respectively. Latanoprost reduced the IOP significantly (Po0.0001, paired t-test). Conclusions Latanoprost caused DUES rarely and had a robust IOP-lowering effect in Japanese glaucoma patients.
Introduction
Latanoprost (Xalatan 0.005%; Pfizer, Tokyo, Japan; 'LAT') was the first prostaglandin analog (PGA) to be launched and is currently a first-line drug for reducing intraocular pressure (IOP) in patients with open-angle glaucoma (OAG) or ocular hypertension. 1, 2 Systemic side effects are rarely observed after the topical use of PGAs, including three PGAs developed after LAT (travoprost, bimatoprost, and tafluprost); however, some apparent side effects involving the ocular surroundings have been noted. 3 Among these local side effects, prostaglandin-associated periorbitopathy (PAP), 4 which includes periorbital fat atrophy, deepening of the upper eyelid sulcus (DUES), ptosis, enophthalmos, and involution of dermatochalasis, has been reported after the use of prostaglandin F 2a and prostamide analogs. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] DUES, which has been closely monitored for several years, is the most prominent clinical feature of PAP. Since the first case report of bimatoprost (BIM)-induced DUES, 5 many cases induced by PGAs have been reported. 6, [8] [9] [10] Although LAT has been used clinically for more than a decade, there are some case reports of DUES caused by long-term use in a glaucoma patient who used LAT unilaterally. 15, 18 Subsequent retrospective studies reported that DUES occurred in association with the use of all PGAs. 19, 22 These case reports and crosssectional and retrospective studies may not be suitable for determining the incidence rates of DUES because they did not consider differences in the duration of treatment with each PGA and differences between both upper eyelids before PGA treatment. Thus, we reported the frequency of DUES occurrence associated with each PGA in 6-month prospective studies of Japanese glaucoma patients. 12, 16, 20, 21 The rate of occurrence of DUES at 6 months was 60% for BIM 0.03%, 12 53% for travoprost 0.004% (TRV), 21 and 16% for tafluprost 0.0015% (TAF). 20 However, LAT has remained the standard comparative target for other PGAs regarding the frequency of DUES occurrence.
In the present study, we prospectively monitored the occurrence of DUES in Japanese glaucoma patients using LAT as an initial drug treatment.
Materials and methods
This was an open-labeled, prospective study. All procedures were in accordance with the ethical standards of the responsible committees on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000. Informed consent (including for the use of photographs) was obtained from all patients for inclusion in the study. The study protocol was approved by the local Ethics Committee of Miyata Eye Hospital (Miyazaki, Japan). We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
A total of 52 consecutive Japanese patients diagnosed initially with OAG were enrolled at the Yotsuya Shirato Eye Clinic (Tokyo, Japan) from September 2010 to July 2012. OAG was diagnosed by the presence of glaucomatous optic nerve head damage with corresponding visual field damage, an unoccludable normal open angle, and a lack of other ocular abnormalities or history of other ocular diseases leading to IOP elevation. The exclusion criteria included the use of eye drops within the previous 12 months or the use of an oral agent such as acetazolamide, a previous history of intraocular surgery (including laser treatment), and the presence of other ocular diseases affecting IOP.
After three consecutive IOP measurements in both eyes, we initiated LAT treatment in eyes with the more severe glaucomatous visual field damage when both eyes met the entry criteria, and the same medication was continued for 6 months. However, if medication became necessary in the control eye during the observation period, LAT was applied.
A single examiner (SS) measured IOP, checked the condition of the ocular surface and optic disc by slit-lamp examination, and took photographs at the beginning of LAT treatment and after every 2 months up to 6 months. In total, four photographs were taken over the entire observation period, including at the start of treatment. Facial photographs were taken using a 9.1-megapixel digital camera (EX-FC 100; Casio, Tokyo, Japan) to capture the eyebrow and lower eyelid without using the frontalis muscle.
The mean IOPs of three consecutive visits before and after the initiation of LAT treatment (IOP base and IOP LAT ) were calculated. The change in IOP was calculated as DIOP ¼ IOP LAT À IOP base . The IOP was measured using a Goldman applanation tonometer (Haag Streit, Koeniz, Switzerland), and slit-lamp microscopy examination was conducted at every outpatient visit at approximately the same time of day after applying one drop of topical oxybuprocaine hydrochloride anesthesia (0.4% Benoxil; Santen, Tokyo, Japan). In addition, during the observation period, refraction was measured using an automatic refractor/keratometer (ARK-900; Nidek, Tokyo, Japan), and the visual field was measured using a Humphrey Field Analyzer (Zeiss-Humphrey, San Leandro, CA, USA) Swedish interactive threshold algorithm (SITA) standard 30-2 program. Reliable test results (o30% fixation loss, false-negative, and o15% false-positive rate) were adopted.
Three ophthalmologists independently assessed DUES by evaluating a series of four photographs (at the starting point and after 2, 4, and 6 months). The three photographs taken after starting LAT were displayed on a 21-inch liquid-crystal display (FlexScan L997; Eizo, Tokyo, Japan) in order and were compared with the initial (starting point) photograph. When changes to the upper eyelid sulcus, even a slight deepening, were recognized, the photograph was marked as positive regardless of the degree of deepening in comparison with the initial photograph. When the three observers concurred on the deepening of the palpebral in the same photograph, the patient was judged as DUES positive. They stipulated the initiation of DUES as the date of the earliest DUES-positive photograph, which was confirmed in subsequent (second and third) pictures. The patients were asked to self-assess changes in the deepening of the palpebral at each visit. This series of methodologies for appraising DUES was the same as has been applied previously, using the same camera and visualization process. 12, 16, 20 Analyses were performed using JMP software (ver. 9.0.2; SAS, Cary, NC, USA) and MedCalc (ver. 13.3.3, MedCalc Software bvba, Ostend, Belgium). Two-sided P-values ofo0.05 were considered to indicate significance. The data are presented as means ± SD.
Results
All 52 patients (52 eyes) completed the 6-month study with no severe ocular or systemic adverse effects. There DUES caused by latanoprost R Sakata et al were 47 eyes with normal-tension glaucoma (NTG) and 5 eyes with primary open-angle glaucoma (POAG). Demographic data are presented in Table 1 . No medication except LAT was administered in the target eyes and no medication was administered in the control eyes during the observation period.
Incidence of objective DUES
The objective rate of DUES was 1/52 (2%; 95% CI 0.05 to 10.7%) at 2 months, 2/52 (4%; 95% CI 0.5 to 13.9%) at 4 months, and 3/52 (6%; 95% CI 1.2 to 16.9%) at 6 months. All three ophthalmologists attained consensus on all judgments at these three time points. Demographic data of the three DUES-positive patients are presented in Table 2 . Figure 1 shows the development of DUES in one patient (right eye) that appeared 2 months after starting LAT.
Subjective symptoms
No patient reported DUES during the full observation period.
IOP measurements
The mean IOPs at three consecutive visits before (IOP base ) and after starting LAT (IOP LAT ) were 16.5 ± 2.9 and 13.8 ± 3.0 mm Hg, respectively. LAT reduced the IOP significantly (DIOP ¼ À 2.6 mm Hg, Po0.0001, paired t-test).
Discussion
This is the first prospective study to investigate the rate of LAT-induced DUES, a noticeable symptom of PAP. Originally, PAP was associated with five major clinical symptoms (ie, periorbital fat atrophy, DUES, ptosis, enophthalmos, and involution of dermatochalasis), 4 but has not as yet been formally defined. Thus, there may be some overlapping clinical symptoms noted in a single patient, or as-yet-unrecognized configurations that will appear in the future. However, for this study, we monitored only DUES, as in preceding reports. 12, 16, 20 To date, there is no quantitative method for defining PAP with the inclusion of DUES. Thus, it should be noted that DUES-positive cases represent a broad range of the severity of DUES, from slight changes recognized by photographs to obvious deepening noticed at a glance.
In this 6-month study of LAT treatment, only 3 of 52 patients expressed slight changes in DUES by objective examination. Because none of these three patients noticed the DUES by themselves despite the fact that LAT induced the DUES, the degree of deepening may have been mild in this short-term study. Our results indicate that LAT-induced DUES did not become widely known until recently, and this is in contrast to the fact that LAT is the first launched PGA and has been in longterm use for more than a decade. As previously noted, there have been many case reports and clinical studies of the later PGAs such as BIM and TRV that have caused DUES. 5, 6, [8] [9] [10] 12, 21 The rate of TAF-induced DUES was demonstrated recently. 17, 20 The first case report of LAT-induced PAP (including DUES) focused on periocular changes in the treated eye with chronic unilateral administration of LAT. 15 It involved three late elderly patients, and the mean duration of LAT usage was 24 months (range, 12-48 months). The observed symptoms of PAP were dermatochalasis, DUES, and loss of eyelid fullness, but no patient demonstrated enophthalmos. These patients continued LAT treatment even after the emergence of these changes. 19 showed that 24% of Japanese glaucoma patients undergoing LAT treatment incurred DUES (mean age, 62.1 years; mean administration period, 5.0 years), and this incidence was the second lowest among four PGAs, followed by TAF (18%). However, there are some concerns about the protocol used in that cross-sectional study. DUES was evaluated by comparing the depth between both eyelid sulci without considering the original difference in both eyelid sulci. Moreover, the duration of use of LAT was significantly longer than that of TAF (5.0 and 0.9 years, respectively). Therefore, the incidence rates in the study were not evaluated precisely. Although Kucukevcilioglu et al 22 demonstrated that PAP had occurred in 41.4% of Caucasian patients, the rate of DUES was 15.7% (mean age, 66 years; mean administration period, 48 months). In that study, the incidence of DUES by LAT was the lowest among LAT, TRV, and BIM. Although the study design, enrolled subjects, and duration of drug use were different, our incidence (6%) was not comparable with these previous reports.
However, we are now able to discuss the objective rates of DUES occurrence among four types of PGAs (BIM, TRV, TAF, and LAT) according to our previous three reports using the same methodology in Japanese patients. 12, 20, 21 Our prospective studies have demonstrated that approximately half of patients treated with BIM or TRV will develop DUES; the rate was relatively low for TAF treatment. In the present study, DUES barely developed with LAT use (Table 3 ). These studies indicate that the first 4 months after starting treatment may be particularly important because the incidence rates remained virtually unchanged after that time. The best method to avoid overlooking DUES might be by taking photographs before and after starting PGAs and evaluating them as still images. Previous comparative studies have (retrospectively) also demonstrated similar trends. 19, 22 In each, the frequency of DUES was always higher in BIM and TRV treatment, followed by TAF or LAT. This is also corroborated by the fact that a much greater number of reports of BIM-or TRV-induced DUES have been published. In contrast, TAF- 17, 20 or LAT-induced cases 15 have been reported only rarely.
We previously investigated the recovery rate from BIM-induced DUES after switching therapy treatment to LAT. 16 After reverting to LAT, DUES was reduced or disappeared in most patients (85%). The fact that the rate of DUES induced by LAT was much lower than that seen with BIM in this study may explain the reversal of the condition after changing treatment from BIM to LAT.
Several contributing factors related to this side effect, such as age, sex, refraction, mean deviation, and IOP reduction, have been discussed, 12, 16, 17, 21 but common risk factors have not yet been elucidated because of small sample sizes. Randomized long-term prospective clinical 21 34 53 53 Tafluprost (n ¼ 43) 20 9 1 4 1 4 Latanoprost (n ¼ 52) this study 2 4 6 All data are given as the percentage (%). a Number of subjects. b
In the original paper, 44 and 60% were obtained at 1 month and at 3 months.
DUES caused by latanoprost R Sakata et al trials including all four PGAs with large numbers of patients are needed to identify the relevant ocular and systemic factors in play. The proposed mechanism for DUES has changed repeatedly over time. It was first believed that DUES was derived from either fibrosis or atrophy of Mü ller's muscle. 5 Later, atrophy of the preaponeurotic and deep orbital fat pads was thought to be the causative mechanism. 6 PGA-induced lipolysis may play a role in DUES that is dependent upon the stimulation of the prostaglandin F (FP) receptor in orbital tissue. 10 We recently reported that the activated form of all PGAs and PGF 2a dose-dependently suppressed adipogenesis in differentiated adipocytes, but did not suppress adipogenesis in the adipocytes of FP receptor knockout mice. 23 An in vivo histological analysis indicated that the density of adipocytes obtained from preaponeurotic fat biopsies was lowest in BIM-treated patients among those treated with BIM, TRV, or LAT. Cell density in the LAT group was not significantly different from that in the control group. 14 The difference in the action of each PGA on adipose cells may be one reason behind the different phenotypic alterations.
Before the use of PGAs in glaucoma treatment, adipocyte differentiation was reportedly inhibited by PGF 2a through the activation of the FP receptor. [24] [25] [26] Stimulation of the prostaglandin E (EP3) receptor is also thought to inhibit adipocyte differentiation. 27 Thus, differences in the affinities of the FP and EP3 receptors for the various forms of PGA may influence events in vivo. PGAs may act not only on Mü ller's muscle, 5 but may also influence collagen degradation in the levator muscle complex. 9 Systemic prostaglandins are reported to change with high-density lipoprotein levels; 28 accordingly, they may play a role in adipogenesis. Differences in the penetration rate or concentration of each PGA in the orbital tissue, including the eyelids, may also be involved in the differences in the clinical phenotypes of DUES. Such multiple mechanisms of action, which may also involve interactions between effectors and adipose cells, must be considered when DUES develops.
An improved formulation of benzalkonium chloridefree LAT (Monoprost) has recently been approved in Europe. In addition, many generic drug forms of LAT are on the market in Japan. We should continue to investigate to what extent these formulations may be involved in DUES.
LAT showed a good IOP-lowering effect, even in eyes with normal pressure. No IOP elevation or aggravation of the optic disc was seen in the noninstilled eye during 6 months of observation. In addition, we confirmed that there was no incidence of upper eyelid change on the noninstilled side.
The present study has some limitations. First, the small number of patients included in the study renders a detailed analysis difficult. Additional studies with larger populations are needed. Second, our follow-up period was relatively short, similar to previous studies. The follow-up duration could have been prolonged for 46 months, as the time of DUES occurrence has ranged up to 5 years. It is possible that LAT-induced DUES occurs gradually; thus, it could be overlooked, together with other symptoms of PAP. The assessment procedures for DUES are not currently standardized. Judgments are based on subjective measurements made by skilled observers. A quantitative, noninvasive method based on objective scientific measurements is needed. We believe that taking frontal photographs, including the eyebrow, using a standardized photographic technique is a minimal requirement at the present time. In this context, before a point-bypoint numerical index is developed, we cannot monitor how DUES progresses through time. Although we examined and photographed the patients at approximately the same time and under identical conditions as much as possible, there may be exogenous or endogenous agents affecting the appearance of the upper eyelid. Another limitation is the semiquantitative measurement method used to evaluate DUES. A final drawback is that the subjects were almost all Japanese NTG patients. The incidence rate may differ in other races or ethnicities. Structural differences in the bone, orbit, or skin may also be related to the responses to PGAs. However, at least in Japanese OAG patients, it is clear that DUES was least common with the use of LAT among the four PGAs now available. 12, 20, 21 In conclusion, LAT has a low probability of inducing DUES, but was effective in lowering IOP in Japanese OAG patients. LAT appears to have a favorable balance between efficacy and tolerability.
Summary
What was known before K Although the rate of deepening of the upper eyelid sulcus (DUES) caused by bimatoprost, travoprost, and tafluprost was already turned up, the rate of DUES caused by latanoprost ophthalmic solution is still unknown.
What this study adds
K We could demonstrate the comparison of the incidence rate regarding DUES in four major prostaglandin analogs.
K The rate of latanoprost-induced DUES was lowest in our series of Japanese glaucoma patients.
K We re-realized a powerful IOP-lowering effect of latanoprost.
